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XCcb;Y/o
Es
l;m^Cci*jnY/["mHcX*b;ioc["XCcje;ocl;cHXl;_:[;["mHcHX]Q
u_:jnf;^Cck^Cc[Ibl;cHXmH\]V1i*^CXlckJp\]V:\Y/^CmHXl;ck\H_:b;f;b;iCcHXc[8^*iCcpXCY/jb;o!V1^*Y_:["Xc^l;_:[;["mHcHXV:XﬁXCc ekY/j
fh_:i*^ﬁV1[I^CX,+sOCOCO0Q =Q A0y8ocHX\H_:b;f;b;iCcHXs\	"_:YX*YcHXsfh_:b;i}iCcf;iCmHXCc[I^CciocHX "b=qvXﬁ_:[8^{jk_:Y/["X}z'_:i*^CcHX]Qc["cz'_:YX
ocsX*Y/Z[DV1oDm^ﬁV1e;o/Yy8["_:b"X~fx_:b;A_:["XLXCmocH\^*Y_:[;["cib;[kfxcbkf;o/b"XlmAm["cjkc[8^CX{V]AcH\so!V\H_:b;f;b;iCc
ξ < 0, 40
a8b;YWfhci*jkc^l;cXCcX*Y/^*b"cil"V1["Xo!VkaIb"cb"cl;cl=YX*^*i*Y/e;b;^*Y_:[,A_:Y/iﬂ	"Zb;iCcOCOCO0Q/R.hAc^l;cl=Y/jnY/[8b"ci|o Y/[=
\Hci*^*Y/^*b"l;cko/YmHc tb;["ckl=YxmiCc["\HcŁl;cHXl=YX*^*i*Y/e;b;^*Y_:["Xl;cHXl;_:[;["mHcHXc^X*Y/jb;omHcc^\HcyaIb"coLaIb"ckXC_:Y/^
oc|fh_:Y/[I^Cm0Q

Y/["XCYyI^C_:b"X}ocHXsiCmHX*b;o/^ﬁV1^CX{X*b;Y/V1[8^CXsX*b;i}ocHX "b=qtXC_:[8^sm^ﬁV1e;o/YXy;l b;["cfDV1i*^]y;XﬁV1["X{\H_:b;f;b;iCc
Ac^C_V
	"[kl "_:jk_:ZAm["mYXCciLocHXL\H_:b;f;b;iCcHXc[8^*iCc{^C_:b"XocHX~o_:^CX]y:o!V|V1i*Y!V1e;oc NV ["c}fx_:b;:V1[I^L^*iCcsV1f;f;o/Y
a8b"mHc{aIb"c{X*b;i~ocHXl;_:[;["mHcHXLf;i*YXCcHX 5h "mo/Y_XC^ﬁV1^CX]Q  V1b;^*iCc{fDV1i*^]yY/oXXﬁ_:[8^l;m^Cci*jnY/["mHXc[pV1f;f;o/Ya8bDV1[I^
o!VŁjkjkcn\H_:b;f;b;iCc
ξ < 0, 40
Ł^C_:b;^CcHXocHXl;_:[;["mHcHX]Q 	cb;ocHXocHX\H_:b;f;b;iCcHXX*b;iociCcHl;mH\oc["\	"cjkc[I^
o_:ZY\YcoiCcHX*^Cc[I^sf;iC_:f;iCcHXV1b=qto_:^CXsl;cl;_:[;["mHcHXc[tz_:["\^*Y_:[l;cHX{jpV
_:i*Y/^CmHXl;cl;mH\oc["\	"cjkc[I^]Q
iC_:YX IIfx_:^  HXCcHX~X*fxcH\^*iﬁV1ocHX~_:[8^m^Cm}\
"_:YX*YcHXfh_:b;i~\H_:jnfDV1iCciocb;iCX~c0c^CXX*b;io!V|l;m^Cci*jnY/[DV1^*Y_:[
l=bŁXCcb;Y/oxc[Łm["ci*ZYcc^l=b "b=qQIUPVf;iCcjnY  iCc8fh_:^  HXﬁccHX*^w^C_:b;^XCY/jnf;ocjkc[8^}o!Vo_:Yxl;csf;b;YXﬁXﬁV1["\Hc 
f(E) = E−2
OﬁOCO	Q -A
Rﬀ  \ 		
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#c ﬁﬀfﬂ# "ﬂ# %$&'(ﬂ
UPVXCcH\H_:["l;cz'_:i*jkcXCfhcH\^*iﬁV1oc|\	"_:YX*YccHX*^^*Y/iCmHc|l;c c^}cHX*^wl;m&	"[;Yc|fDV1i
νFν
m^ﬁV1[8^{c0q=f;i*Y/jkm|c[
erg cm−2 s−1
c^som["ci*ZYc
E
c[
TeV
 
log(νFν) =
5∑
i=0
pi(logE)
i OCOCO0Q ^
VHAcH\
p0 = −10, 3531
p1 = −0, 578559
p2 = −0, 119778
p3 = 0, 542375×10−1
p4 = −0, 766819×10−2
p5 = −0, 660223×10−2
U IIfx_:^  HXCcsXCfhcH\^*iﬁV1ocV1f;f;o/YaIb"mHcscHX*^l;_:["\y8l"V1["X~ocHXb;[;Y/^CmHX\H_:i*iCcHXCfh_:["l"V1[I^V1bpl;m^CcH\^Ccb;i]y XﬁVHA_:Y/i
c[
photonsm−2 s−1 GeV−1

E
c[
GeV
 
f(E) =
10
P
5
i=0 pi[log(E×0,001)]
i
E2
× 10
−7 × 10−9 × 104
1, 6 × 10−19
OCOCO0Q iA
UPVnl;ci*[;Y  iCcz'_:i*jkccHX*^{^*Y/iCmHcl;c/R;y! ` 
f(E) = (E × 0, 001)α+β log(E×0,001) OCOCO0Q A
~o/oc|XCcz_:["l;c|X*b;iocHXiCmHX*b;o/^ﬁV1^CX}l;co Y/jpV1ZAcb;iu

 V1b=l;cHXCX*b"X}l;c
500 GeV
Q;u_:[;[DV1YXCXﬁV1[I^o!VV1ocb;i
l;c
k
l"V1["X|omHaIbDV1^*Y_:[TOCO	Q/RRfQ i=yDY/ocHX*^|fh_XCXCY/e;ocl;cz'V1Y/iCcV1i*Yci|ocfDV1iﬁV1j  ^*iCc
β
fx_:b;i _:b"ciX*b;i
o!Vn\H_:b;i*e;b;iCcl=bX*fxcH\^*iCcV1b=qdm["ci*ZYcHX|l;cu	U
 	sQ

Y/["X*Yy
k = 2, 33 × 10−10 c^ α = −2, 74 Q β
cHX*^ 	;q;mV1b=l;cHXCX*b"Xl;c
500 GeV
y=fh_:b;i|V:XCX*b;iCci{o!Vn\H_:[I^*Y/[8b;Y/^Cml=bgX*fxcH\^*iCcc^l;m^Cci*jnY/["mc[dl;cHXCXﬁ_:b"X
c[tY/jnfx_XﬁV1[8^o!V:V1ocb;isl;c
k
Q g[g^*iC_:b;Ac 
β =
{ −0, 55 fx_:b;i E < 500 c 
−0, 2 fx_:b;i E ≥ 500 c 
OCOCO0Q/R A
ULm["ci*ZYcXCcb;Y/oPl;coc["XCcje;ocl;cHXl;_:[;["mHcHX]yDl;m^Cci*jnY/["mHcZiﬁV1f ;Ya8b"cjkc[I^k 	"Zb;iCcOCO0Q/R.hfQ iA0y
V1b;^
Es =


93+18
−22 GeV 1
re 8fh_:^  HXﬁc
85+11
−14 GeV 2
e IIfx_:^  HXCc
90+17
−20 GeV 3
e IIfx_:^  HXCc
OCOCO0Q/RR
UcHXY/["\Hci*^*Y/^*b"l;cHX{l;_:[;["mHcHX{X*b;i}\HcHX}m["ci*ZYcHX{XC_:[8^}ocHXY/["\Hci*^*Y/^*b"l;cHX{X*=X*^CmjpV1^*YaIb"cHXXCY o_:[ XCc^*iC_:jnfhc
l;c ±20 % XCb;i{om["ci*ZYcl"V1["X{oc\]V1o\b;oNl;cHXV:\H\Hcf;^ﬁV1["\HcHXl=bgl;m^CcH\^Ccb;i]Q
UWcHXtmHa8bDV1^*Y_:["XtOCO0Q/R ` c^vOCO0Q/R.hfQ  fxci*jkc^*^Cc[8^gl;cl;m^Cci*jnY/["cidoc "b=q`Y/[I^CmZiﬁV1oV1b=l;cHXCX*b"X
l;cŁom["ci*ZYctXCcb;Y/oy\	"_:YX*YctV1i*iC_:["l=Yc go!V
90 GeV
fh_:b;i^C_:b;^CcHXocHX 8fh_:^  HXﬁcHXXCfhcH\^*iﬁV1ocHX]y~V]AcH\
fx_:b;iw\
DV:\b;["clco/ocHXXﬁ_:[pY/["\Hci*^*Y/^*b"l;cX*^ﬁV1^*YX*^*YaIb"cQIUL Y/["\Hci*^*Y/^*b"l;cX*XC^CmjpV1^*Ya8b"c|cHX*^wl;m^Cci*jnY/["mHcc[
iCc0zV1YXﬁV1[8^ocHXjkjkcHX\]V1o\b;oXfh_:b;il;cHXV:\H\Hcf;^ﬁV1["\HcHXl;mH\]V1omHcHXl;c ±20 % c[ m["ci*ZYcQ2g[^*iC_:b;Ac
V1Y/["X*Y;b;[ "b=qY/[8^CmZiﬁV1o jk_]Ac[,o!V|f;iCcjnY  iCcY/["\Hci*^*Y/^*b"l;cscHX*^X*^ﬁV1^*YXC^*Ya8b"cyo!VXﬁcH\H_:["l;c{X*XC^CmjpV1^*Ya8b"c 


φ¯(E≥ 90 GeV) = (12, 0 ± 0, 7+0,1
−0,2)× 10−6 photonsm−2 s−1 1re
IIfx_:^  HXCc
φ¯(E≥ 90 GeV) = (11, 9 ± 0, 7+0,5)× 10−6 photonsm−2 s−1 2e 8fh_:^  HXﬁc
φ¯(E≥ 90 GeV) = (10, 3 ± 0, 7+1,0)× 10−6 photonsm−2 s−1 3e 8fh_:^  HXﬁc
OCOCO0Q/RﬀA
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:ﬁ_w{8/d
( Rﬀ=R
O5ozV1b;^["_:^CciaIb"cocHXY/["\Hci*^*Y/^*b"l;cHXX*=X*^CmjpV1^*YaIb"cHXl;_:[;["c[I^fDV1iz_:YX|b;[ "b=qgb;[;Ya8b"cjkc[I^f;o/b"X
ZiﬁV1["ldl;cb=qY  jkc{c^~^*iC_:YXCY  jkc8fh_:^  HXCcHXLX*fhcH\^*iﬁV1ocHX0N_:bb;[;YaIb"cjkc[8^wf;o/b"Xfhc^*Y/^~e;Yc[kaIb"com["ci
ZYcXﬁ_:Y/^|l;mH\]V1omHcnl;c
20 %
l"V1["X|ocHXl;cb=qXCc["X]Qxuco!VvcHX*^o/YmnV1b=qg["_:b;Aco/ocHXV1ocb;iCXl;cHX|Y/[8^CmZiﬁV1ocHX∫
∞
E0
A(E) f(E) dE a8b;Y;fxcb;Ac[8^~V1i*Ycil"V1["Xb;[kXCc["X~\H_:jnjkc{l"V1["XoV1b;^*iCcsXCco_:[o IIfx_:^  HXCc{X*fxcH\0
^*iﬁV1oc}\	"_:YX*Yc}aIb;Y\H_:b;fxcf;o/b"XN_:bjk_:Y/["XNo!V|\H_:b;i*ehc}lV:\H\Hcf;^ﬁV1["\Hc}o_:iCXCaIbco/oc}cHX*^\H_:[8A_:o/b"mHcﬂ|\Hco/oc0\YQ
UWVn\H_:b;i*excl;co/b;jnY  iCc_:e;^Cc[8b"cl=b "b=q Y/[8^CmZiﬁV1o~V1b=l;cHXCX*b"Xl;com["ci*ZYcXCcb;Y/oPcHX*^siCcf;iCmHXCc[I^CmHc
c[ 	"Zb;iCcdOCOCO0Q/R.-gfh_:b;iko!V^*iC_:YXCY  jkc 8fh_:^  HXﬁcdX*fxcH\^*iﬁV1ocQ~UWV o/Y/Z["cd\H_:[I^*Y/[8b"cdiCcf;iCmHXﬁc[8^Ccdoc "b=q
Y/[8^CmZiﬁV1oPjk_]Ac[gc^socHXseDV1i*iCcHXlci*iCcb;iCXs^*iﬁV:\HmHcHXXC_:[8^b;[;Ya8b"cjkc[I^X*^ﬁV1^*YX*^*YaIb"cHX]Q
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UWV:V1ocb;i}l=b
χ2
iCmHl=b;Y/^wfx_:b;iLocHX
n
l;_:[;["mHcHX}l;csjkcHX*b;iCcy
χ˜2
yVm^Cm|\]V1o\b;omHcfx_:b;iwXV:XCX*b;iCciwaIb"c
\HcHXjkcHX*b;iCcHXXC_:[8^\H_:jnfDV1^*Y/e;ocHXVHAcH\kb;["ckmjnYXCX*Y_:[XC^ﬁV1e;ocy\H_:jnjkcp\Hco!Vtl;_:Y/^^*iCcnock\]V:Xfx_:b;io!V
["me;b;ocb"XCcl=buwiﬁV1exc 
χ2 =
n∑
i=1
(xi − xˆ)2
σ2i
OCOﬁO	Q/RA
V]AcH\
xi
V1ocb;isl;co!Vl;_:[;["mHc
i
"b=qD
xˆ
cHX*^*Y/jpV1^Ccb;il;c
xi
"b=qvjk_Ac[ 
σi
mH\]V1i*^^fxcl;co!VV1ocb;i
xi
ci*iCcb;iX*^ﬁV1^*YX*^*YaIb"c
χ˜2 =
χ2
d
OCOﬁO	Q/R `I
V]AcH\
d
["_:je;iCcl;cl;cZiCmHXl;co/Y/ehci*^Cm
d = n− c c m^ﬁV1[8^|oc["_:je;iCcl;c\H_:[I^*iﬁV1Y/[8^CcHX]yxXC_:Y/^oc["_:je;iCcl;cfDV1iﬁV1j  ^*iCcHX|YXCX*b"Xsl;cHX
l;_:[;["mHcHXs["mH\HcHXCXﬁV1Y/iCcV1bd\]V1o\b;oPl=b
χ2

c = 1
Y\Y9
Rﬀﬀ \ 		
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#c ﬁﬀfﬂ# "ﬂ# %$&'(ﬂ
UWc
χ2
iCmHl=b;Y/^V1b;^
2, 3
V1o_:iCXa8b Y/o~l;_:Y/^^*iCcl;co_:iCl=iCcl;c
1
fx_:b;i|Z8V1iﬁV1[8^*Y/io!Vv\H_:["X*^ﬁV1["\Hcl;cHX
jkcHX*b;iCcHX|c^l;_:["\ocb;iX*^ﬁV1e;Y/o/Y/^CmQu_:jnf;^Cc^Cc[Ibl;cHXci*iCcb;iCXX*=X*^CmjpV1^*YaIb"cHX["_:[f;i*YXCcHX|c[\H_:jnf;^Cc
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

E2
dN
dE
= (4, 3± 0, 2−0,1)× 10−4 GeV2 photonsm−2 s−1 GeV−1 1re 8fh_:^  HXCc
E2
dN
dE
(90 GeV) = (4, 8 ± 0, 3+0,2)× 10−4 GeV2 photonsm−2 s−1 GeV−1 2e 8fx_:^  HXCc
E2
dN
dE
(90 GeV) = (4, 2 ± 0, 3+0,4)× 10−4 GeV2 photonsm−2 s−1 GeV−1 3e 8fx_:^  HXCc
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νFν = (6, 9 ± 0, 4−0,1)× 10−11 erg cm−2 s−1 1re 8fh_:^  HXﬁc
νFν(2, 2× 1025 Hz) = (7, 7 ± 0, 5+0,3)× 10−11 erg cm−2 s−1 2e IIfx_:^  HXCc
νFν(2, 2× 1025 Hz) = (6, 7 ± 0, 4+0,6)× 10−11 erg cm−2 s−1 3e IIfx_:^  HXCc
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eEs × 109
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h = 6, 63 × 10−34 J s
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V1ocb;iCXa8b;YwiCcHX*^Cc[8^["m]V1[;jk_:Y/["XnV:X
XCc ef;iC_I\
"cHX]Q;UcHXsl;cb=qtl;ci*[;Y  iCcHX IIfx_:^  HXCcHX{^*Y/iCmHcHXsl;cHXsY/jpV1ZAcb;iCX{fhci*jkc^*^Cc[I^l;c\H_:[8^*iﬁV1Y/["l=iCcocHX
jk_Il ocHX^"mH_:i*YaIb"cHX}\H_:jnjkc|\Hcb=qvl;m^ﬁV1Y/o/omHX{l"V1["X  i xc^f;iCmHXCc[8^CmHX{c[ 	"Zb;iCcOCOCO0Q ﬀ=RQAUcHXfx_:Y/[8^CX{l;c
u	U

	 l;m^Cci*jnY/["mHXfDV1i*^*Y/il;c\HcHX IIfx_:^  HXCcHXsXCfhcH\^*iﬁV1ocHX_:[8^m^CmV
*_:b;^CmHX]Q"O5oX{_:[8^^Cc["l"V1["\Hc
v:V1o/Yl;ciocnjk_Il ock["_:jnjkm
((

Q

ﬀ 1[ 
))
l;cno!V 	"Zb;iCc

QWUWV V1ocb;il;c "b=qT_:e;^Cc[8b"cpcHXC^f;o/b"X
mocAmHcna8b"co_:iCXl=bTf;iCcjnYciiCmHX*b;o/^ﬁV1^l;cpu	U 
	 /R Lc[TiﬁV1YXC_:[l;cHXV:\H\Hcf;^ﬁV1["\HcHXl;mZiﬁV:l;mHcHX
l=bl;m^CcH\^Ccb;i]Q ~o/ocŁX] Y/[8^ ZiCcvjnYcb=qV1b=ql;_:[;["mHcHXl;cHXV1b;^*iCcHXY/["X*^*i*b;jkc[I^CX]Q  
	(	VtjkcHX*b;iCmŁiCm0
\Hcjnjkc[8^}b;[ "b=q
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φ¯(E ≥ 190± 60 GeV) = (2, 2± 0, 6± 0, 2)× 10−10 photons cm−2 s−1
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!
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φ¯(E≥ 130 GeV) = (10, 2 ± 3, 2−0,1)× 10−6 photonsm−2 s−1 z@N.S: α = −2
φ¯(E≥ 130 GeV) = (10, 1 ± 3, 1−0,1)× 10−6 photonsm−2 s−1 z@N.S: α = −1, 8
φ¯(E≥ 130 GeV) = (10, 3 ± 3, 3−0,1)× 10−6 photonsm−2 s−1 z@N.S: α = −2, 2
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(130 GeV) = (4, 6 ± 1, 4) × 10−4 GeV2 photonsm−2 s−1 GeV−1 @N.S: α = −1, 8
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(130 GeV) = (4, 6 ± 1, 5) × 10−4 GeV2 photonsm−2 s−1 GeV−1 @N.S: α = −2, 2
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νFν = (7, 5 ± 2, 4−0,1)× 10−11 erg cm−2 s−1 @N.S: α = −2
νFν(3, 1 × 1025 Hz) = (7, 3± 2, 3−0,1)× 10−11 erg cm−2 s−1 @N.S: α = −1, 8
νFν(3, 1 × 1025 Hz) = (7, 4± 2, 4−0,1)× 10−11 erg cm−2 s−1 @N.S: α = −2, 2
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	Å
³
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C+P  
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C  2 0, 6
	Å
³
¢(0Oﬂ¶
C+P  
·=#²»DGE/6.S
C  40 11, 7
	Å
³
¢(0Oﬂ¶
C+P  
·=#
 
GE/6.S
C  2 0, 5
	Å
³
¢6.S
C+P  
·Q#»D E01ﬂ¶
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	Å
³
¢6.S
C+P  
·Q#»D EL6.S
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	Å
³
¢6.S
C+P  
·Q#
 
 EL6.S
C  5 1, 5
¹
Å
³
¢(0Oﬂ¶
C+P  
·Q#»D E01ﬂ¶
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¹
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³
¢(0Oﬂ¶
C+P  
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¹
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³
¢(0Oﬂ¶
C+P  
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 
 EL6.S
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³
¢6.S
C+P  
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³
¢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C+P  
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¹
Å
³
¢6.S
C+P  
·Q#
 
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C  4 1, 1
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³
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C+P  
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³
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C+P  
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¢(01ﬂ¶
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$#&%Ç$#&%*AGY
39
$#&%*A[;
40 mV

1
$#&%*K;
42 mV

86
$#&%*A
" 65 %
ÁU;
45 mV

4
$#&%*A ;
46 mV

2
$#&%*A2;
50 mV

1
$#&%*8;
55 mV
Á
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·Q#
 
 EL6.S
C  3 0, 8
	Å
³
¢6.S
C+P  
·Q#»D EL6.S
C  5 1, 5
	Å
³
¢6.S
C+P  
·Q#
 
 EL6.S
C  2 0, 6
¹
Å
³
¢(01ﬂ¶
C+P  
·Q#»D E0Oﬂ¶
C  16 4, 6
¹
Å
³
¢(01ﬂ¶
C+P  
·Q#»D EL6.S
C  2 0, 6
¹
Å
³
¢(01ﬂ¶
C+P  
·Q#
 
 E0Oﬂ¶
C  4 1, 1
¹
Å
³
¢(01ﬂ¶
C+P  
·Q#
 
 EL6.S
C  4 1, 1
¹
Å
³
¢6.S
C+P  
·=#»D E0Oﬂ¶
C  1 0, 3
¹
Å
³
¢6.S
C+P  
·=#»D EL6.S
C  1 0, 3
¹
Å
³
¢6.S
C+P  
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 
 E0Oﬂ¶
C  1 0, 5
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$#&%&$#&%*AGY
6
$#&%*AZ;
35 mV

5
$#&%*A[;
38 mV

19
$#&%*A
" 49 %
Á ;
40 mV

4
$#&%*A ;
42 mV

5
$#&%*A2;
45 mV
Á
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C+P  
·Q#»D EL6.S
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	Å R
³
¢(01ﬂ¶
C+P  
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 
 E0Oﬂ¶
C  12 3, 5
	Å R
³
¢(01ﬂ¶
C+P  
·Q#
 
 EL6.S
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	Å R
³
¢6.S
C+P  
·=#»D EL6.S
C  3 0, 5
	Å R
³
¢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C+P  
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 
 E0Oﬂ¶
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$#&%Ç$#&%*AGY
2
$#&%*A[;
35 mV

19
$#&%*A
" 58 %
ÁU;
40 mV

9
$#&%*A ;
45 mV

3
$#&%*A[;
50 mV
Á
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d =
N c −N c
N0 −N0
δ d
d
=
√
N c + N c
(N c −N c )2 +
N0 + N0
(N0 −N0 )2

ﬀN.% *AK®. #&ﬃ*ﬀﬁﬂ(GY
s =
N cγ
N0γ
δ s
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=
√
1
N cγ
+
1
N0γ
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ξNσ d [%] ξQ Q s [%]
-ﬂ)
+*/.0$1#
d [%] Q s [%]
24365
)789':<; =
>?$&@BA
0, 40 110± 49 0, 25 7, 0 21, 2 ± 3, 0 0, 30 26± 12 5, 7 62, 0 ± 2, 0
24365
)789':<; =
>?$&@=
0, 30 44± 10 0, 30 4, 9 67, 0 ± 2, 5 0, 30 44± 10 4, 9 67, 0 ± 2, 5
24365
)
2
:<; =&>C$&@8A
0, 40 10± 5, 2 0, 30 2, 6 30, 1 ± 3, 5 0, 35 2, 0 ± 2, 3 2, 6 67, 5 ± 2, 7
24365
)
2
:<; =&>C$&@'=
0, 35 34± 16 0, 30 7, 3 32, 0 ± 4, 3 0, 35 34± 16 5, 4 71, 5 ± 3, 3
D
365
)789':<; =
>?$&@BA
0, 35 66± 19 0, 30 5, 6 51, 4 ± 2, 5 0, 30 22± 6, 7 5, 6 51, 4 ± 2, 5
D
365
)789':<; =
>?$&@=
0, 30 71± 49 0, 30 3, 8 53, 9 ± 2, 9 0, 30 71± 49 3, 8 53, 9 ± 2, 9
D
365
)
2
E:<; =&>C$1@BA
0, 40 160± 190 0, 35 4, 1 48, 3 ± 3, 4 0, 35 69± 85 4, 1 48, 3 ± 3, 4
D
365
)
2
E:<; =&>C$1@=
0, 35 43± 60 0, 35 3, 4 50, 7 ± 4, 4 0, 35 43± 60 3, 4 50, 7 ± 4, 4
243GFH5
)78I9:<; =&>C$1@BA
0, 35 56± 14 0, 35 3, 0 44, 7 ± 1, 7 0, 35 56± 14 3, 0 44, 7 ± 1, 7
243GFH5
)78I9:<; =&>C$1@=
0, 35 250± 790 0, 30 4, 4 15, 3 ± 2, 9 0, 35 250 ± 790 4, 0 46, 2 ± 1, 9
	ﬁ'*) M 0 4  BD< 	!0 2  . <3; 2 0  . v<  	 . E . G   +
G
*)>#&% c./* YT*AKJ #ﬁ<*A .X*,S*A ,(#&ﬂ( *A .+#&*9.%! ,S*
d
JAﬀﬁ%%*A1L?ﬀﬁﬂ(,S*)ﬂXﬃ2; ,S*A *ﬀﬁﬃ!MLﬀN.% *A c./*)*  #
,H
  )%*)ﬂNJT*
N0 −N0 ﬀN. N c −N c *A!ﬃ ﬂ( )7#&ﬃ.D* P
OPRQ STPRU<VWUWXBY[ZWPﬀ\W\W]^Y^_ STPﬀUWVWU<XBY`_8a b`U<c!dQ8a+Pﬀ\4_ STeWPﬀa fgZWY[h^PﬀU<VWUWXBY
ξNσ d [%] ξQ Q s [%]
hBeWPﬀa fi4\Idc
d [%] Q s [%]
j
kIl
e4mn\<oBpRq rﬀstduwv1xfWmn\<o8p^r
0, 25 y 0, 25 8, 1 43, 5 ± 2, 7 0, 25 y 8, 1 43, 5 ± 2, 7
j
kIl
e4mn\<oBpRq rﬀstduwv1xf
j
UWV0p^r
0, 25 15± 2 0, 25 5, 9 41, 8 ± 2, 5 0, 25 15± 2 5, 9 41, 8 ± 2, 5
j
kIl
e4mn\<oBpRq rﬀstduBrﬀxf
j
UWV0p^r
0, 35 107± 105 0, 25 6, 1 45, 6 ± 3, 1 0, 25 y 6, 1 45, 6 ± 3, 1
j
kIl
e
j
UWVpRq rﬀsMduzv1xf<mz\
oBp^r
0, 30 y 0, 30 3, 7 59, 9 ± 2, 9 0, 30 y 3, 7 59, 9 ± 2, 9
j
kIl
e
j
UWVpRq rﬀsMduzv1xf
j
UWVp{r
0, 30 17± 5 0, 30 4, 5 57, 9 ± 2, 8 0, 30 17± 5 4, 5 57, 9 ± 2, 8
j
kIl
e
j
UWVpRq rﬀsMdu8rﬀxf
j
UWVp{r
0, 35 38± 18 0, 30 4, 6 62, 0 ± 3, 5 0, 30 15± 8 4, 6 62, 0 ± 3, 5
|
kl
e4mn\
oBpRq rﬀsMd{uwv1xfWmn\<o8p{r
0, 30 15± 3 0, 25 6, 6 25, 0 ± 4, 1 0, 30 15± 3 5, 7 66, 4 ± 2, 9
|
kl
e4mn\
oBpRq rﬀsMd{uwv1xf
j
U<V0p^r
0, 30 59± 12 0, 25 5, 2 25, 8 ± 3, 7 0, 30 59± 12 4, 3 67, 6 ± 2, 6
|
kl
e4mn\
oBpRq rﬀsMd{uBrﬀxf
j
U<V0p^r
0, 30 250± 460 0, 25 6, 5 27, 6 ± 4, 4 0, 30 250± 460 4, 5 71, 7 ± 3, 2
|
kl
e
j
UWV0pRq rﬀstduwv1xfWmn\<o8p^r
0, 40 30± 10 0, 30 7, 3 41, 1 ± 4, 0 0, 35 16± 6 5, 0 77, 1 ± 3, 3
|
kl
e
j
UWV0pRq rﬀstduwv1xf
j
UWV0p^r
0, 35 45± 11 0, 30 4, 6 40, 9 ± 3, 8 0, 35 45± 11 3, 5 78, 3 ± 3, 1
|
kl
e
j
UWV0pRq rﬀstduBrﬀxf
j
UWV0p^r
0, 30 26± 22 0, 25 5, 8 7, 1 ± 9, 3 0, 35 49± 44 3, 4 81, 5 ± 3, 6
j
k}~l
eWmz\
oBpRq rﬀsMd{uwv1xfWmn\<o8p{r
0, 35 77± 58 0, 30 6, 3 28, 0 ± 2, 5 0, 35 77± 58 4, 2 62, 2 ± 1, 9
j
k}~l
eWmz\
oBpRq rﬀsMd{uwv1xf
j
U<V0p^r
0, 35 37± 4 0, 30 5, 1 29, 6 ± 2, 4 0, 35 37± 4 3, 4 63, 4 ± 1, 9
j
k}~l
eWmz\
oBpRq rﬀsMd{uBrﬀxfWmn\<o8p{r
0, 30 97± 140 0, 30 4, 1 24, 7 ± 3, 0 0, 35 190± 270 3, 1 60, 3 ± 2, 2
j
k}~l
e
j
UWVp1q rRstduwv1xf
j
UWV0p^r
0, 35 y 0, 35 2, 6 35, 6 ± 3, 1 0, 40 y 2, 2 69, 1 ± 2, 5
j
k}~l
e
j
UWVp1q rRstduBrﬀxfWmn\
oBp^r
0, 40 y 0, 30 6, 2 6, 6 ± 6, 5 0, 40 y 3, 6 67, 8 ± 2, 5
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a
		@ ﬁﬀ ﬃﬂ  !"#%$ '&(Qb)("#+*,ﬂ!"#(-")
.0/21 34/25767578:9 ;</2=?>78:9?@BA CEDCEFG9H=,9HF!1JI K!L MF7L NPORQ21:L /SF Kﬁ9HFGITL >UL V L 1:C K!L MFPQWVXIT578#>U8:57L 1
N Y7Z N YU[[ N Y7Z −N YU[![ IT1HQW1:L I:1TL \!579 Nσ [σ/
√
h]
N
YUZ
−N
YU[![
N
YU[[
[%]
Kﬁ]P^#_G`aFUb:cSd e2fQWgTh i</SFUFGCR9EI#>78T571:9RI
178 879 176 493 2 387 3, 5 2, 4 1, 4
R4 > 1, 1 132 221 130 967 1 255 2, 2 1, 5 1, 0
R4 > 1, 1 j ξ < 0, 30 2 353 2 026 328 4, 5 3, 1 16, 2
Kﬁ]P^#_G`aFUb:cSd e2fQWgJe i</SFUFGCR9EI#>78T571:9RI
628 979 623 745 5 234 4, 1 1, 6 0, 8
R5 > 1, 1 303 819 300 383 3 435 3, 9 1, 5 1, 1
R5 > 1, 1 j ξ < 0, 30 7 413 5 908 1 504 11, 6 4, 6 25, 5
Kﬁ]P^#_kK!576Bcd eSfQWglh i</SFUFGCR9EI#>78T571:9RI
40 421 39 296 1 125 3, 6 5, 1 2, 9
R4 > 1, 1 32 473 31 423 1 050 3, 7 5, 3 3, 3
R4 > 1, 1 j ξ < 0, 35 281 260 21 0, 8 1, 2 8, 1
Kﬁ]P^#_kK!576Bcd eSfQWg:e i</SFUFGCR9EI#>78T571:9RI
119 332 118 707 625 1, 1 0, 9 0, 5
R5 > 1, 1 57 875 57 059 817 2, 1 1, 8 1, 4
R5 > 1, 1 j ξ < 0, 35 1 708 1 427 281 4, 5 3, 8 19, 7
mnF7IJ9H=?>7V 9oKﬁ]qp
10, 4 h r
is/2F7FGCE9RI#>U8:571:9RI
967 612 958 241 9 371 5, 9 1, 8 1, 0
t#9R@7CEOEV 9EFGO:_79E=9EF!1<V /SMSL OHL 9HV
526 388 519 831 6 557 5, 7 1, 8 1, 3
34/25767578:9RIuNGFPQWV 9EI
11 754 9 620 2 134 13, 0 4, 0 22, 2

X* ﬃ'#&-* #>. J) O,S*A!!ﬀN.(Z,ﬀﬁﬂﬂ/*K*K, )ﬃ'#&?,S*AS7+ﬂ:vﬁJ #&ﬃ*ﬀﬁﬂ( ﬃ'#&ﬃ*ﬃ6./*A[ﬀﬁ-ﬃ*)ﬂ6./*A*)ﬂC#0LGLc.$#&ﬂXﬃ
*AKJAﬀN.GLS.%*A@.%
ξ
, )ﬃ*)% ﬂ( T*Ah.ﬂc./*)A*)ﬂXﬃ,L$#&%K # !­. #&ﬃ*ﬀﬁﬂ
P
wnx!y z)x!{k|P{k}E~ x!,k}H~, WUWB~W~W7yH Ł7 ﬁk 0SyH x! ŁG~WBJ k   yH ŁU UB!J{k}sP}H{k y
N k N G7 N k −N PU JyRyH JyH 7{B~ Nσ [σ/
√
h]
N
P
−N
GU
N
GU
[%]
ŁG0BTPJU ﬁJ  R4 > 1, 1 ¡ ξ < 0, 25 332 266 66 2, 5 1, 7 24, 9
ŁG0BTPJU ﬁE R5 > 1, 1 ¡ ξ < 0, 25 918 713 204 4, 5 1, 8 28, 7
ŁG0XŁ7{k|U !SJ  R4 > 1, 1 ¡ ξ < 0, 30 58 59 −1 −0, 1 ¢ ¢
ŁG0XŁ7{k|U !SE R5 > 1, 1 ¡ ξ < 0, 30 235 174 61 2, 7 2, 3 34, 8
£uBH~W,k ~¤ŁG¦¥
10, 4 h §
z)xﬁ{P|k{k}H~2sBB! ~2
1 543 1 213 331 5, 6 1, 7 27, 3
C  
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a
	@	ﬁ% o  &_c ﬂ!  ﬁ" $  &(-b<(¤"#+*ﬂﬁ4"#(-")
&!'ﬀ( )*'ﬃ+-,-+-.0/ 1$'ﬃ2435.0/768 9;:<9>=	/>2/>=?(@ A<B CD=-B EGFﬁHﬀ(B 'ﬃ= A?/>=	@IB 3-B J B (09 A<B Cﬃ=GHﬀJ @+-.K3-.I+-B (
N L5M N L?N<N N L-M −N L?N<N @(;H(B @I(B O<+	/ Nσ [σ/
√
h]
N
L5M
−N
L?N<N
N
L?N<N
[%]
P$QSRT	UV=5WXDY Zﬀ[H\I] P^'ﬃ=-=	9>/ﬁ@3-.+-(/ﬁ@
170 813 169 061 1 752 2, 7 1, 9 1, 0
R4 > 1, 1 118 974 117 122 1 852 3, 4 2, 4 1, 6
R4 > 1, 1 _ ξ < 0, 30 1 933 1 518 415 6, 5 4, 6 27, 4
P$QSRT	UV=5WXDY Zﬀ[H\0Z P^'ﬃ=-=	9>/ﬁ@3-.+-(/ﬁ@
219 611 220 307 −695 −1, 0 −0, 6 `
R5 > 1, 1 95 357 94 712 645 1, 4 0, 8 0, 7
R5 > 1, 1 _ ξ < 0, 30 1 854 1 397 457 7, 4 4, 6 32, 7
P$QSRTSA<+-,!XDY Zﬀ[H\I] P^'ﬃ=-=	9>/ﬁ@3-.+-(/ﬁ@
83 460 83 269 191 0, 4 0, 4 0, 2
R4 > 1, 1 59 662 59 376 286 0, 8 0, 7 0, 5
R4 > 1, 1 _ ξ < 0, 35 1 067 869 197 4, 1 4, 0 22, 7
P$QSRTSA<+-,!XDY Zﬀ[H\0Z P^'ﬃ=-=	9>/ﬁ@3-.+-(/ﬁ@
68 202 68 008 194 0, 5 0, 5 0, 3
R5 > 1, 1 30 824 30 642 183 0, 7 0, 8 0, 6
R5 > 1, 1 _ ξ < 0, 35 410 333 78 2, 6 3, 0 23, 4
a=	@/>243-J /4P^Qcb
6, 4 h d
P$'ﬃ=-=	9ﬁ/ﬁ@3-.I+-(0/ﬁ@
542 086 540 644 1 442 1, 3 0, 5 0, 3
ef/ﬁ6-9ﬁF;J />=	FT	/>2/>=<($J 'ﬃCDB F;B />J
304 817 301 853 2 964 3, 4 1, 4 1, 0
)*'ﬃ+-,-+-.0/ﬁ@KE-=GHﬀJ /ﬁ@
5 264 4 117 1 147 10, 9 4, 3 27, 9
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ξ
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P
a
	@	ﬁg 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 $ihjg *ﬂﬁ4"#(-"#
kGlm nolp?q?p?rIs tKlu$v?rIs$wGx y0zﬃy0{5s;u4s0{DmI| }D~ ﬀ{?~ ->ﬁm~ l{ }<s0{5|~ v?~  ~ mIy }D~ ﬀ{-ﬁS|p?r*v?rp?~ m
N D N Dﬃ N < −N <ﬃ |mﬁmI~ |m~ ﬃp5s Nσ [σ/
√
h]
N
<
−N
<ﬃ
N
<ﬃ
[%]
}<!Ł!5{<Iﬀ > l{?{5y;s;|v?rp?mIs;|
378 719 373 885 4 834 4, 8 2, 4 1, 3
R4 > 1, 1 263 388 260 350 3 037 3, 6 1, 9 1, 2
R4 > 1, 1  ξ < 0, 35 7 365 5 676 1 689 13, 1 6, 7 29, 8
R4 > 1, 1  NV = 0 96 797 95 492 1 305 2, 6 1, 3 1, 4
R4 > 1, 1  ξ < 0, 35 s0m NV = 0 5 418 4 118 1 300 11, 8 6, 0 31, 6
}<!Ł!5{<Iﬀ > l{?{5y;s;|v?rp?mIs;|
90 102 91 292 −1 190 −2, 4 −2, 5 
R5 > 1, 1 39 150 39 060 90 0, 3 0, 3 0, 2
R5 > 1, 1  ξ < 0, 35 1 284 1 057 227 4, 1 4, 4 21, 5
R5 > 1, 1  NV = 0 13 402 13 139 264 1, 4 1, 5 2, 0
R5 > 1, 1  ξ < 0, 35 s0m NV = 0 963 776 186 3, 9 4, 2 24, 0
!{5|Is0u^v? s^}< Ł
4, 7 h 
l{?{5y;s;|*v?rIp?mIs;|
468 821 465 176 3 644 3, 2 1, 5 0, 8
s>w?y;0 s;{5I5s0u4s0{DmK lﬀ~ 0~ s0
302 538 299 411 3 127 3, 5 1, 6 1, 0
nolp?q?p?rIs;|*5{-ﬁ s;|
6 381 4 894 1 487 12, 4 5, 7 30, 4

+*AJAﬀN.GLS.%*A U.%
ξ
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(21, 5 h)
¨ª©	«¬­«­®ﬀ¯ °©	±³²®¯´µ ¶<·S¶<¸¯<±¹¯D¸!ºﬀ» ¼½¿¾S¸­½¿ÀoÁ5Â-º½©G¸ ¼!¯<¸o»½¿²­½¿Ã½¿ºﬀ¶ ¼!½¿¾G¸*Â-Ã$»«­®Ä²­®«½¿º
N Å Æ N Å ÇSÇ N Å Æ −N Å!ÇÇ »ºﬃÂ-º½»º½È!«¯ Nσ [σ/
√
h]
N
Å Æ
−N
Å!ÇÇ
N
Å ÇSÇ
[%]
É
©	¸¸¶?¯<»Ê²®«­ºﬀ¯?»
1 978 518 1 964 061 14 457 6, 4 1, 4 0, 7
Ë
¯<´¶<Á<Ã¯<¸oÁÌo¯<±Í¯<¸ºÃV©	¾S½Á<½¯<Ã
1 133 743 1 121 094 12 648 7, 4 1, 6 1, 1
¨ª©	«¬­«­®ﬀ¯?»ÊÀ¸*Â-ÃV¯<»
23 399 18 631 4 768 20, 8 4, 5 25, 6
ÎÐÏÒÑSÓÔÖÕ;ÏÓ×ÙØ ÚÛ<ÜÖÏ­ÝGÝGÞK×ªÝßÜÖÞKàÖàªÏÕDá¿Ï àªÝGÏ â"ÔÖÕ;ÏØ­ÞKâäãÖÕ;Ï ÑåÜÖÏ­ÝßÝ	Ú0æàÖÚçØÓÑ	Ú;ÞKàªÝåÝ	ÑSÓÑ	Ú;ÝGÑ	Ú;è$×ªÏ­ÝéÞKÔÖÑGÏ à$×ªÏ­ÝcÏ à
ÓãÖãÖÕ0Ú;è^×Óà$ÑÕ;Ï­ÝcØ­ÞK×ÖãÖ×ÖêGÏ­ÝÒÝ	×Öê
ξ
ÜÖë ÑGÏ ê	âäÚ0àªë­Ï­Ý×ÖàÖÚ;è$×ªÏ âìÏ à^ÑÒãÓêcÕ>ÓíÝ	Ú0â"×ÖÕ>ÓÑ	Ú;ÞKàjî
ï³ð­ñfòfñfó5ô õðöc÷fó?ôcøÖù úGû*úGü$ôGöýôGüþ?ß  oü
	 þIðü  KôSü$ßI÷þ5ú  oü	Äß?ñfó ÷fó?ñþ
N  N  N  −N  ß?þ	­þß?þ*ñ$ô Nσ [σ/
√
h]
N

−N

N

[%]
ï³ð­ñfòfñfó5ôSß$ü	ôSß
13 188 10 223 2 965 17, 4 3, 8 29, 0
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
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
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ﬀﬁﬂﬃ! "#$%&'ﬃ()*+,$-ﬁ%/.012&'3'%ﬃ4.0657&'.08
+9 " "8:ﬃ4/;<&'/;58=->*.08?@A3'+	+8 B 8:C D7'E
F 	ﬁ% 	?  ﬁﬀ GﬃﬂHG !"#%$JI'&(LK)("#+*,ﬂ!"#(-")
MNPO QRNPSUT	SUVXW YZNP[]\UVXW]^_ `bac`bdeWb[fWbdgOXh icj kldUj mnpoqOrj NPd icj kcdeoqs-htS	Vu\UVrS	j O
N vUw N vyxcx N vUw −N vyxcx hrOzoqOrj htOrj {gSeW Nσ N vUw −N vyxcxN
vyxcx
[%]
ig|}~	dUrl PoptcŁ!	dUtq ZNPd	d	`Wh\UVrS	OrWh
30 461 30 689 −228 −0, 9 
R4 > 1, 1 22 988 23 176 −189 −0, 8 
R4 > 1, 1  ξ < 0, 25 91 69 23 1, 7 32, 9
ig|}~	dUrl PoptcŁ!igSUTp ZNPd	d	`Wh\UVrS	OrWh
1 055 317 1 043 261 12 056 7, 1 1, 2
R4 > 1, 1 734 685 725 843 8 841 6, 3 1, 2
R4 > 1, 1  ξ < 0, 25 7 016 5 684 1 332 10, 4 23, 4
ig|}~	dUrl PopXPŁ!igSUTp ZNPd	d	`Wh\UVrS	OrWh
52 578 51 808 771 2, 0 1, 5
R5 > 1, 1 19 897 19 686 211 0, 9 1, 1
R5 > 1, 1  ξ < 0, 25 33 41 −8 −0, 8 
ig|}~igSUTl PoptcŁUdUrp ZNPd	d	`Wh\UVrS	OrWh
18 458 19 350 −892 −4, 2 
R4 > 1, 1 15 471 16 128 −658 −3, 4 
R4 > 1, 1  ξ < 0, 30 206 156 50 2, 4 31, 8
ig|}~igSUTl PoptcŁeigSUTp ZNPd	d	`Wh\UVrS	OrWh
283 701 279 672 4 029 4, 7 1, 4
R4 > 1, 1 210 304 207 457 2 847 3, 9 1, 4
R4 > 1, 1  ξ < 0, 30 3 117 2 633 484 5, 7 18, 4
ig|}~igSUTl PopXPŁeigSUTp ZNPd	d	`Wh\UVrS	OrWh
134 880 132 413 2 467 3, 9 1, 9
R5 > 1, 1 53 361 52 521 840 2, 2 1, 6
R5 > 1, 1  ξ < 0, 30 977 851 127 2, 6 14, 9
d	hXWz[\Us Wiy|
17, 8 h 
NPdUde`Wh\UVrSUOXWh
1 575 396 1 557 192 18 204 8, 8 1, 2
W^	`nbs Wbd	nX~	Wb[LWbdgOs NPklj nbj Wzs
1 056 705 1 044 811 11 893 7, 1 1, 1
QRNPSUT	SUVXWhum	doqs Wh
11 440 9 433 2 007 12, 3 21, 3
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ﬃ*! A
P
F
	ﬁ% 	%  ¦&Í¢ﬃﬂG !"# $ﬀI &(LK)("# *ﬂ!!4"#(,")
 -¡l¢ £¤¡l¥e¦	¥	§X¨ ©¡lª«	§z¨¬­ ®¯g®b°¨bª*¨°g¢z± ²g³ ´c°	³ µ¶q·P¢r³ ¡P° ²y³ ´c°!·P¸-±r¥e§«	§r¥e³ ¢
N ¹Uº N ¹y»g» N ¹	º −N ¹U»g» ±r¢z·P¢r³ ±r¢X³ ¼y¥e¨ Nσ N ¹Uº −N ¹y»g»N
¹y»g»
[%]
½¾!¿ZÀeÁÂ°UÃrÄcÅ ÆlÇ·qÈtÉgÊË	ÁÂ°UÃrÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
51 094 49 064 2 030 6, 1 4, 1
R4 > 1, 1 31 886 30 342 1 544 5, 9 5, 1
R4 > 1, 1 Ì ξ < 0, 30 515 289 226 7, 6 78, 1
½¾!¿ZÀeÁÂ°UÃrÄcÅ ÆlÇ·qÈtÉgÊË²g¥e¦ÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
477 018 466 086 10 931 10, 0 2, 3
R4 > 1, 1 282 618 278 681 3 937 4, 7 1, 4
R4 > 1, 1 Ì ξ < 0, 30 9 768 7 454 2 314 16, 0 31, 0
½¾!¿ZÀeÁÂ°UÃrÄcÅ ÆlÇ·qÈXÆlÊË²g¥e¦ÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
145 008 143 287 1 721 2, 8 1, 2
R5 > 1, 1 47 288 47 118 171 0, 5 0, 4
R5 > 1, 1 Ì ξ < 0, 30 1 619 1 186 433 7, 4 36, 5
½¾!¿ZÀ!²g¥e¦ÄcÅ ÆPÇ·PÈtÉgÊËeÁ°	ÃrÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
36 279 34 473 1 806 6, 4 5, 2
R4 > 1, 1 23 385 22 369 1 016 4, 5 4, 5
R4 > 1, 1 Ì ξ < 0, 35 1 260 1 095 165 3, 2 15, 1
½¾!¿ZÀ!²g¥e¦ÄcÅ ÆPÇ·PÈtÉgÊË!²g¥	¦-ÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
178 374 173 859 4 515 6, 8 2, 6
R4 > 1, 1 112 841 110 615 2 226 4, 3 2, 0
R4 > 1, 1 Ì ξ < 0, 35 5 488 4 478 1 010 9, 2 22, 6
½¾!¿ZÀ!²g¥e¦ÄcÅ ÆPÇ·PÈXÆlÊË!²g¥	¦-ÄqÆ ½¡l°	°e®p¨p±«	§r¥e¢X¨p±
95 778 94 488 1 290 2, 6 1, 4
R5 > 1, 1 34 865 34 537 329 1, 1 1, 0
R5 > 1, 1 Ì ξ < 0, 35 1 999 1 838 161 2, 3 8, 8
Í°e±X¨ª«e¸ ¨½¾ÏÎ
12, 9 h Ð
½¡l°e°e®p¨±«e§r¥	¢X¨p±
983 550 961 257 22 293 14, 3 2, 3
ÑZ¨p¬	®p¶b¸ ¨°e¶XÀe¨ª*¨b°y¢¸ ¡l´c³ ¶³ ¨b¸
532 883 523 661 9 223 8, 1 1, 8
£¤¡l¥e¦	¥	§X¨p±µe°!·P¸ ¨p±
20 648 16 339 4 309 20, 4 26, 4
   
 	   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  ﬃ'#&-X # J) O,A!'ﬀR([,ﬀﬁﬂﬂ]KX2, )ﬃ'#&$,A[!7+ﬂ:vﬁJ #&ﬃ*ﬀﬁﬂ(Z!ﬃ'#&ﬃ*ﬃ]A[ﬀﬁ-ﬃ	)ﬂ]A<)ﬂ #0LGL$#&ﬂﬃ
XAKJAﬀRGL%	A2U%
ξ
, )ﬃ	)% ﬂ( A ﬂ]))ﬂﬃ L$#&%K # % #&ﬃ*ﬀﬁﬂ
P

	 
 
ﬀ ﬁﬃﬂﬁﬃ !"#ﬃ $	% &$' () ' *,+.-/	'0
 &'0() ,-/1%232' 	
N 465 N 4$77 N 45 −N 4$77 %	-/	2'8%2	'09$! Nσ N 465 −N 4677N
4$77
[%]
:;=<?>!@A BC)D E
FG-IH2JKﬀL@M BC.E R4 > 1, 1 N ξ < 0, 25 64 38 27 2, 5 71, 0
:;=<?>!@A BC)D E
FG-IH2JKﬀL,&C.E R4 > 1, 1 N ξ < 0, 25 1 389 798 591 11, 5 74, 0
:;=<?>!@A BC)D E
FG-IHE
KﬀL,&C.E R5 > 1, 1 N ξ < 0, 25 189 78 111 6, 1 143, 2
:;=<?>=&$C)D E
FO-/HPJKﬀL@A BC.E R4 > 1, 1 N ξ < 0, 30 243 170 73 3, 4 42, 9
:;=<?>=&$C)D E
FO-/HPJKﬀL,&$C.E R4 > 1, 1 N ξ < 0, 30 1 018 648 370 8, 3 57, 0
:;=<?>=&$C)D E
FO-/HE
KﬀL,&$C.E R5 > 1, 1 N ξ < 0, 30 356 270 86 3, 1 31, 8
QR !%"10:S;UT
12, 9 h V

"%W*! ,-/10.%
3 259 2 002 1 257 15, 8 62, 8
F 	% 	ﬁg o !ﬀJG ﬂ!HG !"#YX"# $ihjg *ﬂﬁ4"#(-"#
Z[ﬃ\ ]ﬀ[ﬃ^
_
^
`Aa bR[ﬃcd)`MaWe6f g2h.g2i)a2cja2i.\Ak lIm n"i
m opq\Mm [ﬃi l.m n"iqrkM^
`d
`M^
m \
N s/t N sIu.u N s/t −N s/u"u kM\Aq\Mm kv\Mm w.^)a Nσ N s
t −N sIu.uN
sIu.u
[%]
lIx,y,z|{)}~i/A" ﬃqv.6
}~i/M R[ﬃi
iga2k|d
`M^
\Mak
48 510 47 506 1 004 3, 0 2, 1
R4 > 1, 1 31 730 31 390 340 1, 3 1, 1
R4 > 1, 1 Ł ξ < 0, 35 1 115 853 262 5, 5 30, 7
R4 > 1, 1 Ł NV = 0 11 234 11 610 −376 −2, 3 
R4 > 1, 1 Ł ξ < 0, 35 a2\ NV = 0 824 649 175 4, 2 26, 9
lIx,y,z|{)}~i/A" ﬃqv.6l.^
_ R[ﬃi
iga2k|d
`M^
\Mak
405 284 390 651 14 633 14, 2 3, 7
R4 > 1, 1 278 488 270 289 8 199 9, 7 3, 0
R4 > 1, 1 Ł ξ < 0, 35 15 068 12 011 3 057 16, 6 25, 4
R4 > 1, 1 Ł NV = 0 103 537 99 453 4 084 8, 0 4, 1
R4 > 1, 1 Ł ξ < 0, 35 a2\ NV = 0 10 941 8 363 2 577 16, 5 30, 8
lIx,y,z|{)}~i/A" ﬃqAﬃ6
}~i/M R[ﬃi
iga2k|d
`M^
\Mak
124 220 123 707 514 1, 0 0, 4
R5 > 1, 1 79 092 78 806 286 0, 7 0, 4
R5 > 1, 1 Ł ξ < 0, 35 5 200 4 649 551 5, 2 11, 8
R5 > 1, 1 Ł NV = 0 24 073 23 748 326 1, 4 1, 4
R5 > 1, 1 Ł ξ < 0, 35 a2\ NV = 0 3 508 3 023 484 5, 6 16, 0
lIx,y,z|{$l.^
_" ﬃqv.6l.^
_ R[ﬃi
iga2k|d
`M^
\Mak
28 897 28 721 176 0, 6 0, 6
R4 > 1, 1 21 110 21 301 −191 −0, 8 
R4 > 1, 1 Ł ξ < 0, 40 2 095 1 851 244 3, 4 13, 2
R4 > 1, 1 Ł NV = 0 7 899 7 968 −69 −0, 5 
R4 > 1, 1 Ł ξ < 0, 40 a2\ NV = 0 1 321 1 195 126 2, 2 10, 5
lIx,y,z|{$l.^
_" ﬃqAﬃ6
}~i/M R[ﬃi
iga2k|d
`M^
\Mak
14 333 14 342 −9 −0, 1 
R5 > 1, 1 9 921 10 014 −93 −0, 6 
R5 > 1, 1 Ł ξ < 0, 40 401 351 50 1, 7 14, 2
R5 > 1, 1 Ł NV = 0 2 363 2 462 −99 −1, 3 
R5 > 1, 1 Ł ξ < 0, 40 a2\ NV = 0 293 257 36 1, 5 14, 2
,i)kAa2cd
r a3lIx,y
8, 2 h 
[ﬃi
i)gakd
`M^
\Aak
621 243 604 926 16 317 13, 0 2, 7
|ae
gp2r a2i)pA{)a2c?a2iI\Rr [ﬃn"m p2m a2r
410 429 401 791 8 638 8, 5 2, 1
]ﬀ[ﬃ^
_
^
`Aako)i$qr ak
16 886 13 488 3 398 17, 6 25, 2
ÎÐÏåÑSÓÔÖÕ;ÏÓ× Ø ÚÛ<ÜÖÏ­ÝGÝSÞK×ªÝ¹ÜÖÞKàÖàªÏcÕ;ÏÜÖë ÑSÓÚ0ÕÜÖÏ­Ý¹ÝGÚ0æàÖÚçØÓÑ	Ú;ÞKàªÝéÝGÑSÓÑ	Ú;Ý	Ñ	Ú;è$×ªÏ­Ý¹ÞKÔÖÑGÏ à$×ªÏ­ÝßÏ à ÓãÖãÖÕ0Ú;è^×Óà$Ñ
Õ;Ï­ÝcØ­ÞK×ÖãÖ×ÖêGÏ­ÝÝ	×Öê
ξ
ÜÖë ÑGÏ ê	âäÚ0àªë­Ï­ÝÒ×ÖàÖÚ;è^×ªÏ âìÏ à$ÑãÓêcÕ>ÓíÝ	Ú0â ×ÖÕ>ÓÑ	Ú;ÞKàjî
. "))P "3A3 ¡ ¢£I¢¤¤/P¥ ¦/§ ¨.¤)§ ©6ª«ﬃM§ "¤ ¦I§ ¨.¤$«ﬃ¬,¥M|)A)§ 
N ­)® N ­
¯I¯ N ­)® −N ­
¯I¯ ¥M2«ﬃA§ ¥MA§ °/ Nσ N ­)® −N ­
¯I¯N
­
¯I¯
[%]
¦/±ﬀ²=³´µ¶¤
·A¸.¹ º"»#«¼M½I¾¿µ¶¤
·A¸º R4 > 1, 1 À ξ < 0, 30 166 104 63 3, 6 60, 4
R4 > 1, 1 À ξ < 0, 30  NV = 0 151 92 59 3, 5 64, 1
¦/±ﬀ²=³´µ¶¤
·A¸.¹ º"»#«¼M½I¾¿6¦/)¸º R4 > 1, 1 À ξ < 0, 30 3 050 1 764 1 286 16, 5 72, 9
R4 > 1, 1 À ξ < 0, 30  NV = 0 2 493 1 421 1 072 15, 3 75, 4
¦/±ﬀ²=³´µ¶¤
·A¸.¹ º"»#«¼Pº"¾¿µ¶¤
·A¸º R5 > 1, 1 À ξ < 0, 30 963 685 279 6, 4 40, 7
R5 > 1, 1 À ξ < 0, 30  NV = 0 780 532 248 6, 4 46, 6
¦/±ﬀ²=³´6¦/)¸.¹ º"»#«¼M½I¾¿$¦/)¸º R4 > 1, 1 À ξ < 0, 35 615 403 212 5, 9 52, 6
R4 > 1, 1 À ξ < 0, 35  NV = 0 435 314 122 3, 9 38, 7
¦/±ﬀ²=³´6¦/)¸.¹ º"»#«¼Pº"¾¿)µ¶¤)·M¸º R5 > 1, 1 À ξ < 0, 35 53 36 17 1, 7 46, 8
R5 > 1, 1 À ξ < 0, 35  NV = 0 53 33 20 2, 1 62, 0
Áﬀ¤¥P23¬ j¦/±ﬀ²ÃÂ
8, 2 h Ä
"))P¥©$¤$«ﬃ¬ ¥
7 670 4 797 2 873 23, 2 59, 9
   Ä
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 é ﬃ

ý ﬁ ﬃﬂ 	"$#	

	! 4K 	"  	

 6ﬁý 	í#!
ﬀ
ﬂﬁ
ﬃ
 
  
F 	ﬁ% 	"! ¡ uﬀ ¢ ﬂ ¤?ﬀJG ﬂ!"§¦ ¦ o,
(38, 9 h)
#%$'&(&)+* ,-$'.0/)+*132 4546*.7*698+: ;=<?>@6<BADCFE8+<G$'6 ;=<?>@6DEHI:&)J/)&<?8
N KL N KMM N KL −N KMM :8NE8<G:+8<GO9&
* Nσ N KL −N KMMN
KMM
[%]
P
$'66
4F*:J/)&8+*F:
3 180 189 3 123 375 56 814 19, 7 1, 8
Q
*14CHG*6CNR*.7*698-HG$'>@<GC<G*H
2 000 017 1 970 264 29 753 13, 1 1, 5
#%$'&(&)+*F:JA6DEHG*:
48 974 39 260 9 714 29, 5 24, 7
SﬁUTFV=WX @VZY[]\^'__`R_a^`bb]7Xc b_	deWX fY'`dﬂgX T^'_a_[hb[:viY@V=T[`b__TFV=T[_T[j]'_a`WT	b]'_"b
V=ggX[jiV=bDTkX '_0Y'`Rgl	'_U_Ul
ξ
^mT	ldﬂ[bm'_ b[j]db
TUgiV=l0X"Vn_[d%X"V=T[`bpo
q0r
sItIsIuwv xyr
z|{iuwv|}~@Dv@zZv@3w 3DIŁ=Fr 3Dwsiu7{IuFsI"
N I N  N i −N iD wFFF3sv Nσ N i −N N
i
[%]
q0r
sItIsIuwv7"v9
21 885 15 781 6 105 28, 1 38, 7
 7 ¢¡Z£y¤¥¤p¦§¨©ª«7e¬n§­¤®¤-U«@¤pe¯ﬂ°±£²¤³¬n´ne£7§µ°±£y¤·¶¸¬n°±¹
 -£y¤º¡Z©©7¹»£7§µﬂ¤¼ a¬nﬂ¤¼¶y¹½@¤¾¤°±¹¿ £À´n -µÁ-¹ Â ¹»Ã Ä7Å|Æ
Ç¨ÈÉJÈ+Ê Ë­Ì%Í-ÍÎiÏiÐ±ÏiÍÑÐÒ+Ó¥ÔÖÕÏ×ÔÌ%ÒÍ%ØÎÚÙÜÛÝ-ÞßÞÍàØÏâáÎIÕÒÌ%ÐØÞØÐ
ã@äå æäçFèçé"ê ë3ä+ìiíFéêiîï ðòñNðòóFêòìêòóôåõ öô÷ ø+ó÷ ùwúüûå÷ ä+ó öN÷ ø+óûýõçéDíéç÷ å
N þß N þ   N þß −N þ   õåûå÷ õå÷ Nçwê Nσ N þß −N þ  N
þ  
[%]
ö
	Gó ûwöôçèﬀﬁ ﬂä+óóFð ê õDíFéçFåê õ
73 094 72 906 188 0, 4 0, 3
R4 > 1, 1 29 511 29 296 215 0, 8 0, 7
R4 > 1, 1 ﬃ ξ < 0, 25 139 128 11 0, 6 8, 8
ööôçèﬀ ûﬁwöôçèﬀﬁ ﬂä+óóFð ê õDíFéçFåê õ
125 630 124 989 641 1, 1 0, 5
R4 > 1, 1 85 295 84 482 813 1, 7 1, 0
R4 > 1, 1 ﬃ ξ < 0, 30 1 066 1 122 −56 −1, 0 
ööôçèﬀ ûﬁ wöôçèﬀﬁ ﬂä+óóFð ê õDíFéçFåê õ
61 970 60 785 1 185 2, 8 2, 0
R5 > 1, 1 25 822 25 265 557 2, 1 2, 2
R5 > 1, 1 ﬃ ξ < 0, 30 358 373 −15 −0, 5 
!=ówõêòìIíý êö#"
2, 9 h $
ﬂäóFóFð ê õDíéçå"ê õ
260 695 258 680 2 015 2, 3 0, 8
%3êòîFð úý êòóFú Fêòìêòóôå3ý äø+÷ ú÷ êòý
176 776 174 562 2 213 3, 1 1, 3
æäçFèçé"ê õ
ùFóûý ê õ
1 563 1 623 −60 −0, 9 
   
	
	 	

	

 F ﬀ

 ﬁ ﬃﬂ 	!"$#	

	
F&%'(%ﬁ) *,+.-/-/021341-657+.8/9:;1 G +.<=->?0A@ I 8/B K BC->1ED70:=<F+.3G>BH>I3
 -¡l¢ £u¡l¥	¦	¥e§X¨ ©¡lª«e§X¨¬­ ®¯g®°e¨ª*¨b°y¢X± ²g³ ´c°	³ µ¶q·P¢r³ ¡l° ²g³ ´c°·P¸-±X¥	§«e§r¥	³ ¢
N
¹	º
N
¹U»c»
N
¹	º
−N
¹y»g»
±r¢b·P¢r³ ±r¢r³ ¼g¥¨
Nσ
N
¹	º
−N
¹U»g»
N
¹U»g»
[%]
½¾!¿ZÀeÁÂ°UÃKJlÅ ÆlÇ·qÈrÉgÊË	ÁÂ°UÃKJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
274 382 273 323 1 059 1, 2 0, 4
R4 > 1, 1 171 091 170 077 1 014 1, 5 0, 6
R4 > 1, 1 Ì ξ < 0, 30 4 863 4 402 461 4, 2 10, 5
½¾!¿ZÀeÁÂ°UÃKJlÅ ÆlÇ·qÈrÉgÊË²y¥	¦LJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
46 576 45 640 935 2, 5 2, 0
R4 > 1, 1 28 559 27 923 637 2, 2 2, 3
R4 > 1, 1 Ì ξ < 0, 30 825 776 49 1, 0 6, 3
½¾!¿ZÀeÁÂ°UÃKJlÅ ÆlÇ·qÈzÆlÊË	ÁÂ°UÃKJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
72 482 73 601 −1 120 −2, 4 M
R5 > 1, 1 26 217 26 962 −745 −2, 7 M
R5 > 1, 1 Ì ξ < 0, 30 488 467 21 0, 6 4, 5
½¾!¿ZÀeÁÂ°UÃKJlÅ ÆlÇ·qÈzÆlÊË²y¥	¦LJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
85 463 85 323 139 0, 3 0, 2
R5 > 1, 1 29 322 29 158 163 0, 6 0, 6
R5 > 1, 1 Ì ξ < 0, 30 927 821 105 2, 2 12, 8
½¾!¿ZÀ!²y¥	¦LJcÅ ÆlÇ·qÈtÉgÊË	ÁÂ°UÃNJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
17 812 17 605 208 1, 0 1, 2
R4 > 1, 1 11 248 11 030 219 1, 3 2, 0
R4 > 1, 1 Ì ξ < 0, 35 696 704 −7 −0, 2 M
½¾!¿ZÀ!²y¥	¦LJcÅ ÆlÇ·qÈtÉgÊË²y¥	¦LJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
25 845 25 984 −139 −0, 5 M
R4 > 1, 1 15 811 15 932 −121 −0, 6 M
R4 > 1, 1 Ì ξ < 0, 35 956 1 058 −102 −2, 0 M
½¾!¿ZÀ!²y¥	¦LJcÅ ÆlÇ·qÈXÆlÊË	ÁÂ°UÃNJqÆ ½¡l°	°®¨p±«	§X¥	¢X¨p±
32 670 33 484 −814 −2, 6 M
R5 > 1, 1 13 425 13 925 −500 −2, 6 M
R5 > 1, 1 Ì ξ < 0, 35 248 246 2 0, 1 1, 0
Í°±X¨bª«	¸ ¨½¾1Î
8, 6 h Ð
½¡l°	°e®p¨p±«	§r¥e¢X¨p±
555 230 554 961 269 0, 2 0, 0
ÑZ¨p¬	®p¶¸ ¨°e¶XÀ¨bª*¨°y¢Z¸ ¡l´c³ ¶b³ ¨¸
295 674 295 007 667 0, 7 0, 2
£u¡l¥	¦	¥e§X¨p±µe°·P¸ ¨±
9 002 8 473 529 3, 5 6, 2
O&PﬀQRPQ SUTVXWYEZ[;W]\_^.Ya`b[FWdc4e/WV4e/^.T/T/f2WV
(11, 5 h)
g(hji$k$i$lnm obhjpq$lnmr2s tvuGtvwxmvpymzw?{}| ~?Gw$!{=hjw ~?jw_LH|=ixl7q$l=i${
N IŁ N G N Ł −N G |={}{=|n{=?ixm Nσ N Ł −N GN
X
[%]

hjw$wxtm|7q$lni${nm|
815 924 813 641 2 284 1, 5 0, 3

mr$tvmvwx}xmvpmvw?{bhjjvmv
472 450 469 569 2 881 2, 5 0, 6
g(hji$k$i$lnm|7xw_Lm|
10 565 10 096 469 2, 9 4, 6
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`acb deacfhghfhikj lmacnohikjpq rtsurtv_jtnwjtvbAk xuy z{vhy |~}cby acv xuy z{vckfhiohifhy b
N  N u N h −N u kbby kby Łf_j Nσ N  −N {N
u
[%]
x_v{ cu~xufhg acvhv_rjkohifhbkjk
332 087 331 039 1 048 1, 1 0, 3
R4 > 1, 1 229 559 228 800 759 1, 0 0, 3
R4 > 1, 1  ξ < 0, 35 10 571 10 480 91 0, 6 0, 9
R4 > 1, 1  NV = 0 81 674 82 230 −556 −1, 2  
R4 > 1, 1  ξ < 0, 35 jtb NV = 0 7 233 7 172 61 0, 4 0, 8
x_v{ ckc_v acvhv_rjkohifhbkjk
193 397 192 418 979 1, 4 0, 5
R5 > 1, 1 126 077 125 247 829 1, 5 0, 7
R5 > 1, 1  ξ < 0, 35 5 239 5 361 −121 −1, 1  
R5 > 1, 1  NV = 0 36 380 36 438 −58 −0, 2  
R5 > 1, 1  ξ < 0, 35 jtb NV = 0 3 352 3 485 −133 −1, 5  
x_v{ ckc~xufhg acvhv_rjkohifhbkjk
79 032 78 858 174 0, 4 0, 2
R5 > 1, 1 51 973 51 637 336 0, 9 0, 6
R5 > 1, 1  ξ < 0, 35 3 161 3 128 33 0, 4 1, 1
R5 > 1, 1  NV = 0 15 257 15 439 −182 −0, 9
R5 > 1, 1  ξ < 0, 35 jtb NV = 0 1 970 1 964 6 0, 1 0, 3
x~xufhg{ cu~xufhg acvhv_rjkohifhbkjk
54 915 54 815 100 0, 3 0, 2
R4 > 1, 1 37 220 36 832 388 1, 2 1, 0
R4 > 1, 1  ξ < 0, 40 2 611 2 555 56 0, 7 2, 2
R4 > 1, 1  NV = 0 12 865 12 640 224 1, 2 1, 8
R4 > 1, 1  ξ < 0, 40 jtb NV = 0 1 707 1 661 46 0, 7 2, 8
x~xufhg{ ckc_v acvhv_rjkohifhbkjk
15 910 16 110 −200 −1, 0  
R5 > 1, 1 10 966 11 143 −177 −1, 1  
R5 > 1, 1  ξ < 0, 40 1 200 1 165 35 0, 7 3, 0
R5 > 1, 1  NV = 0 3 012 3 051 −40 −0, 5  
R5 > 1, 1  ξ < 0, 40 jtb NV = 0 640 603 37 1, 0 6, 1
¡v)k jnoh jwx8¢
8, 8 h £
acvhv_rjkohifhbkjk
675 340 673 239 2 101 1, 6 0, 3
¤jphr}t jtv_}_jtn¥jtvbm acz{y }ty jt
455 794 453 660 2 134 2, 0 0, 5
deacfhghfhikjk|_v jk
14 902 14 886 16 0, 1 0, 1
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